Abstract-In this contribution we present the recent results on higher voltages with faster rise times become available [8] . Our photoconductive spark gap switching. This new way of switching purpose is to use these ultrafast high-voltage pulses to develop combines the benefits of both laser-triggered spark gap switches a new type of electron accelerator and its diagnostics [9, 10] 
INTRODUCTION
Photoconductive switching of a gas-filled spark gap requires far greater laser intensity than photoconductive switching of Photoconductive switching of an atmospheric, air-filled semiconductors. Throughout the gap the laser intensity needs spark gap by a high-power femtosecond laser is a novel to be high enough to create a plasma over the complete approach for switching high voltages into pulses with a very distance between the electrodes. This plasma has to be fast rise time (order ps) and no shot-to-shot time variation sufficiently ionized to pass over stochastical breakdown (jitter) [1] [2] [3] . It combines the benefits of two fields of high-processes. For a gas-filled gap the intensity has to be above the voltage switching: First, laser-triggered spark gap switching threshold for tunneling ionization, around 1018 Wm2 for most where the switching medium is either gas or liquid and a laser gases. Subsequently, this ionization has to occur on a time is used to initiate the breakdown of the gap. Second, scale much smaller than the target for the rise time of the photoconductive switching where the switching medium is a switched high-voltage pulse. A high-power femtosecond semiconductor device, which is completely illuminated by a Ti:Sapphire laser meets both these requirements. Our short pulsed laser.
Ti:Sapphire laser system produces 200 fs laser pulses with an When the complete (gas-filled) gap is sufficiently ionized by energy of 35 mJ (-0.2 TW) at a repetition frequency of 10 Hz. a femtosecond, high-power laser, stochastic breakdown
The spark gap, together with the switching laser, are processes (dominant in the laser-triggered switch), no longer depicted in Fig. 1 . The inner conductor of the transmission line determine the actual breakdown-behavior of the gap. The time (diameter 6 mm) was made of copper, the outer conductor jitter will then only be determined by the jitter of the switching (diameter 15 mm) was made of brass (characteristic impedance laser (as in the semiconductor switch). On the other hand, 55 Q). The tips of the inner conductors were made of copperbecause the switching medium is a gas, high currents can be tungsten and can be replaced. The gap distance between the switched without permanently damaging the switch.
two inner conductors could be varied. [7] . Also, Fig. 1 figure. When the rising edge of the pulse. The resistance of the laser-created laser energy is increased, enough laser power is available to plasma drops with increasing laser energy and the amount of create a gap-filling plasma. A small step in the output pulse voltage that is switched in the first rising edge increases. We becomes visible just after the laser pulse has arrived. However, called this the "triggering regime" in Fig. 3 . Secondly, the the initial resistance of the laser created plasma is relatively regime where an increase in laser energy has no significant high, and therefore only a small part of the voltage is switched influence anymore on the height of the first rising edge and the in this first step. Stochastic breakdown processes are passed over shape of the pulse. The full applied voltage is switched here and the jitter is reduced enormously. Increasing the laser immediately. We called this saturated regime the energy further results in a higher first step of the switched "photoconductive switching regime". pulse due to the decreasing resistance of the laser created In order to investigate the voltage range that can be switched plasma. Finally, enough laser energy is available to switch the photoconductively with the same spark gap setup, we varied complete voltage in the first rising edge of the pulse. Now, the the applied voltage (see Fig. 4 .). We made sure that the laser pulse has a squared shape and its width (2 ns) is determined by energy was high enough to be in the photoconductive regime of the length of the charged transmission line only. The rise time Fig. 3 (34 mJ here) . The gap distance was kept constant at 1 is 100 ps and the time jitter is 15 ps, both limited by the mm and the gap was filled with atmospheric air. The highest resolution of our measurement equipment. The small pulse applied voltage (5.1 kV) was just below the self-breakdown directly behind the main pulse is likely to be caused by voltage of the gap. Here the pulse shape is similar to the 32.5 reflections on the transmission line-plasma boundary. mJ pulse of Fig. 2 , a rectangular pulse with a sharp rising edge.
When the height of the first rising edge of the switched At lower applied voltages, this shape is sustained. It was pulses is plotted as a function of laser energy (see Fig. 3 .), two possible to switch voltages as low as 10% of the selfregimes become visible. First, the regime where the applied laser is indicated by the dashed line, the time jitter is given as 6. .ioiclgpwt a miia ga modeling is that we were not able to resolve the rise time of the tane a nd a q iconstan impeacthroughout the photoconductively switched pulses because of the limited structure (Fig. 6 ., [12,q13] ). measurement resolution ofthe measurement equipment.
However, if we smlt t i ar t
We developed a three-dimensional electromagnetic model ' . electrodynamic model, the result is far from optimal (see Fig. thatosimultest eletro agnetic fed-propagtionhinrthe 7) . The steep rising edge tuns halfway to its final value into a phoocodutivefordiffelye wtc spark gap anpriedcTse tdelrise slowly oscillating signal. It takes, compared to the signal of timplemfordiffeentedinCST sparkogap gemtrdie. The isa Fig. 5 ., a long time before the final value is reached. The gap implemented in CST Microwave Studio [11] , which Is a behaves like an over-damped system. This means that the commercially available electromagnetic solver. Details of this model can be found in [5] . A benefit of this model is that suggested optimal geometry for laser-triggered spark gaps is .. .
.~~~~~~~~~~not optimal for photoconductive spark gap switching. discontinuities in the geometry, like the ports for the laser, can
Figa5showsa onder-damped syste, ig.
be taken into account. This was not possible with the lumped F damped one. For an optimal output, the system should be a eleent ande transmission linemodels. therisetimcritically damped system, preferably without oscillations on top In order to get an idea of the rise time of the oftesice'us.Teaon fdmigi asdb h photoconductively switched pulses in our spark gap (Fig. 1.) , wa the eletomge. fiel which pof paga ispca lyt we modeled this gap, with and without, laser and probe ports.
The pulse shape of the simulated switched pulse (without ports) is given in Fig. 5 . It has a nice rising edge with a rise time of 19 ps. Investigation of the electromagnetic field propagation reveals that this rise time is determined by the time it takes for a stable TEM-mode to build up in the gap region (not treated here, see [5] ). When the laser creates the plasma _ _ and, subsequently, the current starts to run through it, an electromagnetic field-disturbance starts to propagate spherically outward from the plasma. When it reaches the outer conductor, only the TEM-mode can propagate further, without Fig. 6 . In the literature suggested optimal spark gap configuration. time (ps) Fig. 8 . Simulated output signal of the optimal spark gap configuration for photoconductive switching. The gap configuration is also depicted. Remember that the gap distance is 1 mm.
